BOUNDARY SCAN PATH METHOD AND SYSTEM WITH FUNCTIONAL AND 
NON-FUNCTIONAL SCAN CELL MEMORIES 

BACKGROUND OF THE INVENTION 

In Figure 1, a prior art example of a dedicated boundary 
scan path or register exists around a master circuit 102, a 
slave 1 circuit 104, and a slave 2 circuit 106. The master 
circuit, such as a DSP, CPU, or micro-controller, is a 
circuit that controls the slaves. The slave circuits are 
circuits being controlled by the master, such as RAM, ROM, 
cache, A/D, D/A, serial communication circuits, or I/O 
circuits. The master and slave circuits could exist as 
individual intellectual property core sub-circuits inside 
an integrated circuit or IC, or as individual ICs assembled 
on a printed circuit board or multi-chip module (MCM) . The 
scan paths 108-112 around each circuit are connected 
together serially and to a test data input (TDI) 114, which 
supplies test data to the scan paths, and a test data 
output (TDO) 116, which retrieves data from the scan paths. 

For simplification, only a portion of the scan paths 108- 
112 of each circuit is shown. The scan paths of Figure 1 
are designed using dedicated scan cells, indicated by 
capital letters (C) and (D) in circles. The word dedicated 
means that the cell's circuitry is used for testing 
purposes and is not shared for functional purposes. The 
scan cells are located between the internal circuitry and 
the input buffers 128 and output buffers 130 of the slaves 
and master circuit. 



In Figure 2, an example of a dedicated scan cell consists 
of multiplexer 1 (MX1) 202, memory 1 (Ml) 204, memory 2 
(M2) 206, and multiplexer 1 (MX2) 208. This scan cell is 
similar to scan cells described in IEEE standard 1149.1, so 
only a brief description will be provided. During 
operation in a functional mode, functional data passes from 
the functional data input (FDI) 212 to the functional data 
outpu-c (FDO) 214. In a functional mode, control inputs 210 
to the scan cell can: (1) cause FDI data to be loaded into 
Ml via MX1 during a capture operation; (2) scan data from 
TDI 216 through MX1 and Ml to TDO 218 during a shift 
operation; and (3) cause data in Ml to be loaded into M2 
during an update operation. Neither the capture, shift, 
nor update operation disturbs the functional data passing 
between FDI and FDO. Thus the scan cell of Figure 2 can be 
accessed and pre-loaded with test data while the cell is in 
functional mode. The data scan cell (D) associated with 
the D31 output of slave 1 104 has connections corresponding 
to the FDI 212, TDI 216, FDO 214, and TDO 218 signal 
connections of the Figure 2 scan cell. 

During a functional mode of operation of the circuit in 
Figure 1, data is transferred from one of the slaves to the 
master via a 32-bit data bus (DO-31) , indicated by the 
wired bus connections 126. In a functional mode the scan 
cells are transparent, allowing functional control and data 
signals to pass freely through the cells. In this example, 
the master enables slave 1 to transfer data by the ENA1 
control signal, which is output from the master to slave 1. 
Likewise the master enables slave 2 to transfer data by the 
ENA2 control signal, which is output from the master to 
slave 2. While only two slave circuits are shown, any 



Page 2 



TI-30299 



number could be similarly connected to and operated by the 
master. Since all the scan cells of the scan paths 108-112 
are dedicated for test, they can be scanned from TDI to TDO 
without disturbing the functional mode of the Figure 1 
circuit 

As mentioned, being able to scan data into the scan paths 
during functional mode allows pre-loading an initial test 
pattern into the scan paths. The initial test pattern 
establishes both a data test pattern in the data scan cells 
(D) and a control test pattern in the control scan cells 
(C) . By pre-loading an initial test pattern into the scan 
paths, the circuits can safely transition from a 
functioning mode to a test mode without concern over bus 
contention between the slave circuit's data busses. For 
example, the ENA1 122 and ENA2 124 control scan cells (C) 
can be pre-loaded with control data to insure that only one 
of the slave's DO-31 data busses is enabled to drive the 
wired bus connection 126. Maintaining output drive on one 
of the slave data busses upon entry into test mode prevents 
the wired data bus 126 from entering into a floating, (i.e. 
3-state) condition. Preventing bus 126 from floating is 
desirable since a floating input to input buffers 128 of 
master 102 could cause a high current condition. 

When test mode is entered, functional operation of the 
master and slave circuits stop and the scan cells in the 
scan paths take control of the master and slave circuit's 
data and control signal paths. A data scan cell (D) exists 
on each of the 32-bit data signal • paths of each circuit 
102-106, and a control scan cell (C) exists on each of the 
ENA1 and ENA2 control paths of each circuit 102-106. 
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Having dedicated data and control scan cells located as 
shown in Figure 1, enables safe test entry and easy 
interconnect testing of the wiring between the master and 
slave circuits when the scan paths are placed in test mode. 
During interconnect test mode, a capture, shift, and update 
control sequence, such as that defined in IEEE standard 
1149.1, can be used to control the scan paths. 

To prevent contention between slave 1 and slave 2 data 
outputs 126 during the capture, shift, and update control 
sequence, the 3-state control outputs 118-120 of the ENA1 
and ENA2 control scan cells 122-124 do not ripple during 
the capture and shift part of the control input sequence. 
This is accomplished by having the data in M2 of Figure 2 
be output, via MX2, during the capture and shift operation. 
Only during the update part of the control input sequence 
are the outputs 118-120 of the control scan cells 122-124 
allowed to change state by new data being loaded into M2 . 
Similarly, the outputs from the data scan cells (D) do not 
ripple during capture and shift operations, but rather 
change state only during the update part of the control 
input sequence. 

In Figure 3, a prior art example of a shared boundary scan 
path exists around a master 302 and slave circuits 304-306. 
As in Figure 1, the scan paths 308-312 around each circuit 
are connected together serially and to a test data input 
(TDI), which supplies test data to the scan paths, and a 
test data output (TDO) , which retrieves data from the scan 
paths. The scan paths of Figure 3 are designed using 

shared scan cells (C) and (D) , i.e. the scan cell memory is 
shared for both test and functional purposes. As an aid to 
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indicate use of shared scan cells as opposed to dedicated 
scan cells, the shared scan cells of Figure 3 and 
subsequent figures are shown positioned outside the 
boundary scan paths 308-312 and in the functional circuits. 
The dedicated scan cells of Figure 1 were shown positioned 
inside the boundary scan paths 108-112. Again, for 
simplification, only a portion of each circuit's boundary 
scan path is shown. 

In Figure 4, an example of a conventional shared scan cell 
consists of a multiplexer (MX) 402 and a memory (M) 404. 
During a functional mode of operation, control inputs 406 
form a path between FDI 408 and zhe data input of M 404 via 
MX 402, to allow functional data to be clocked from FDI to 
FDO 410. During a test mode, the control inputs 406 cause 
FDI data to be clocked into K via MX during a capture 
operation, and cause test data to be clocked from TDI 412 
to TDO 414 during a shift operation. Since M 404 is used 
functionally, it cannot be accessed and pre-loaded with 
test data as can the scan cell of Figure 2. Thus the 
ability to access and pre-load zest data while the master 
and slave circuits of Figure 3 operate functionally is one 
of the key distinctions between dedicated (Figure 2) and' 
shared (Figure 4) scan cells. 

In Figure 3, the data scan cell associated with the D31 
output of slave 1 304 is labeled to indicate the FDI 408, 
TDI 412, FDO 410, and TDO 414 signal connections of the 
Figure 4 scan cell. 

During the functional mode of the circuit in Figure 3, as 
in Figure 1, data is transferred from one of the slaves to 
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the master via the 32-bit data bus (DO-31) through shared 
connections 326. The master enables data transfer from 
slave 1 or slave 2 via the ENA1 and ENA2 control signals, 
respectively. Since the scan cells of the scan paths are 
shared and used functionally, they cannot be scanned from 
TDI to TDO without disturbing the functional mode of the 
circuits. Not being able to scan data into the scan paths 
during functional mode prevents pre-loading an initial test 
pattern into the scan paths. 

By not being able to pre-load an initial test pattern into 
the scan paths, the slave circuits are put at risk of not 
safely transitioning into the test mode from the functional 
mode. This situation occurs due to the timing domains of 
the functional and test modes not being synchronous to one 
another, which results in asynchronous functional to test 
mode switching. 

For example, if the circuits of Figure 3 switched from the 
functional mode timing domain to a test mode timing domain, 
a possibility exists that the DO-31 output buffers of slave 
1 and 2 could both be enabled as a result of an 
asynchronous mode switch that caused scan cell ENA1 322 and 
scan cell ENA2 324 to both output enable conditions on 
wires 318 and 320. This would force a voltage contention 
situation between slave 1 and 2, resulting in the output 
buffers being damaged or destroyed. This voltage 

contention situation does not occur in the boundary scan 
path of Figure 1 since an initial safe test pattern is pre- 
loaded into the scan cells prior to the functional to test 
mode switching step. 



Page 6 



TI-30299 



Once in a test mode, the scan path of Figure 3 can be 
accessed to shift in test data. During shift operations 
the outputs 318-320 of the control scan cells 322-324 
ripple as data shifts through the cells. This output 
ripple from the control scan cells can cause the DO-31 
output buffers of the slaves zo be enabled and disabled 
during the shift operation. This control output ripple 
causes the output buffers of slaves 1 and 2 to be 
simultaneously enabled, again creating bus contention 
between the slaves. This voltage contention situation does 
not occur in the boundary scan path of Figure 1 since M 206 
maintains a safe control output, via MX 208, during shift 
operations. 

In Figure 5, one prior art technique prevents the above- 
mentioned two voltage contention situations. The technique 
is based on providing additional circuitry and control 
inputs to enable or disable the slave's output buffers 
during test mode entry and again during each test mode 
shift operation. A signal gating circuit 528 is inserted 
into signal path 518 of slave 504 and a signal ■ gating 
circuit 530 is inserted into signal path 520 of slave 506. 
A control signal CI 532 is added as an input to circuits 
528 and 530. When CI is in a first state, the ENA1 and 
ENA2 outputs from scan cells 522 and 524 are allowed to 
pass through circuits 528 and 530 to enable or disable the 
output buffers of slaves 504 and 506. However, when CI is 
in a second state, the outputs of circuits 528 and 530 are 
forced, independent of ENA1 and ENA2, to disable the output 
buffers of slaves 504 and 506. By controlling CI to the 
second state during the transition from functional mode to 
test mode, the first above mentioned voltage contention 
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situation can be avoided. By again controlling CI to the 
second state during each shift operation that occurs during 
test mode, the second above mentioned voltage contention 
situation can be avoided. 

While the technique described above solves the voltage 
contention situations, it does so by introducing a floating 
(i.e. 3-state) condition on data bus 526. As described 
above, the output buffers of slaves 504 and 506 are 
disabled during test mode entry and during each shift 
operation. With the output buffers disabled, data bus 526 
is not driven and may float to a voltage level that could 
turn on both input transistors of the input buffers of 
master 502. This could result in a low impedance path 
between the master's supply and ground voltages, 
potentially damaging or destroying the input buffers of 
master 502. 
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BRIEF SUMMARY OF THE INVENTION 

This invention provides a boundary scan system where 
memories, i.e. flip flops or latches, used in data scan 
cells are also used functionally, but memories used in 
control scan cells are dedicated for test and not used 
functionally. The control scan cells can be scanned while 
the circuit is in functional mode, since their memories are 
dedicated. However, zhe data scan cells can only be 
scanned after the circuit transitions into test mode, since 
their memories are shared. This boundary scan system 
advantageously provides: (1) lower test circuitry overhead 
since the data scan cells use shared memories; (2) safe 
entry into test mode since the control scan cells can be 
scanned during functional mode to pre-load safe control 
conditions; and (3) avoidance of floating (i.e. 3-state) 
busses that can cause high current situations. 
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BRIEF DESCRIPTION OF THE SEVERAL VIEWS OF THE DRAWING 
Figure 1 is a simplified block diagram of a known boundary 
scan path around a master IC/core and two slave IC/cores; 

Figure 2 is a schematic diagram of a known dedicated scan 
cell; 

Figure 3 is a simplified block diagram of a known shared 
boundary scan path around a master IC/core and two slave 
IC/cores; 

Figure 4 is a schematic diagram of a known shared scan 
cell; 

Figure 5 is a simplified block diagram of a known boundary 
scan path around a master IC/core and two slave IC/cores 
with additional circuits to avoid voltage contention 
situations; 

Figure 6 is a simplified block diagram of a boundary scan 
path around a master IC/core and two slave IC/cores 
according to the invention; 

Figure 7 illustrates the boundary scan system of Figure 6 
modified to include additional memories in the scan path; 

Figure 8 is a schematic diagram of re-synchronization 
memories; and 

Figure 9 is a simplified block diagram of a modified 
boundary scan path. 
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DETAILED DESCRIPTION OF THE INVENTION 

In Figure 6, a boundary scan system according to the 
present invention comprises a master circuit 602 operable 
to receive data transmitted from two slave circuits 604- 
606. The circuits 602-606 each have a boundary scan path 
608-612, a portion of which is shown. The scan paths 
around each circuit are connected together serially and to 
TDI, which supplies test data to the scan paths, and TDO, 
which retrieves data from the scan paths. A first 
difference between the known scan paths and the scan path 
of Figure 6 is that the control scan cells (C) of the scan 
paths in Figure 6 are designed as dedicated scan cells, and 
the data scan cells (D) are designed as shared cells. A 
second difference is that the scan path has two 
configurations. In one configuration, the control cells 
reside on a serial path (pathl) separate from the serial 
path (path2) on which the data scan cells reside. In 
another scan configuration, the control scan cells reside 
on the same serial path (path2) on which the data scan 
cells reside. 

Multiplexers 636-640 are provided for selecting the serial 
paths (pathl) to be connected serially together between TDI 
and TDO, or for selecting the serial paths (path2) to be 
connected serially together between TDI and TDO. Control 
for the multiplexers to select a configuration of either 
pathl or path 2 between TDI and TDO comes from a SEL 
signal, which is connected to the select input of each 
multiplexer 636-640. 

If the master and slave circuits and their associated 
boundary scan paths are realized as embedded cores within 
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an IC, the SEL signal 634 may come from an IEEE 1149.1 
instruction register on the IC, another register or circuit 
on the IC, or from an input pin on the IC. However, if the 
master and slave circuits and their associated boundary 
scan paths are realized as separate ICs on a board or MCM, 
the SEL signal may come from an IEEE 1149.1 instruction 
register on each of the ICs, another register or circuit on 
each of the ICs, or from an input pin on each of the ICs. 
In the case, where the master and slaves are separate ICs 
and where the SEL signal comes from an IEEE 1149.1 
instruction register, or another register or circuit, on 
each IC, the SEL signal will nof be bussed to the same wire 
634 as shown in Figure 6, but rather individual SEL signal 
wires will exist between the IEEE 1149.1 instruction 
register, or another register or circuit, and multiplexers 
636-64 on each of the individual ICs. 

During a functional mode of operation of the circuit in 
Figure 6 data is transferred from one of the slaves to the 
master via the 32-bit data bus (DO-31) on connections 626. 
The master enables data transfer from slave 1 or slave 2 
via the ENA1 and ENA2 control signals, respectively. Since 
the data scan cells of the scan paths are shared and used 
functionally, they cannot be scanned from TDI to TDO 
without disturbing the functional mode of the circuits. 
However, since the control scan cells of the scan paths are 
not shared, they can be scanned from TDI to TDO without 
disturbing the functional mode of the circuit. 

By scanning the control scan cells by themselves, via path 
1, it is possible to pre-load, while the master and slave 
circuits are functioning, a control test pattern into the 
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control scan cells. This control test pattern can be 
advantageously used to establish the test mode state of the 
slave data busses to insure that no contention between the 
data busses occurs upon switching from functional mode to 
test mode. For example, a control test pattern may be 
scanned into the control scan cells via path 1 to, upon 
entry into test mode, enable slave l's data bus and disable 
slave 2's data bus or to disable slave l's data bus and 
enable slave 2's data bus. By designing the control scan 
cells as dedicated scan cells, and by selectively grouping 
only the control scan cells onto pathl between TDI and TDO, 
it is possible to pre-load a control test pattern to safely 
transition into test mode without slave bus contention and 
without disabling both slave buses. 

When a test mode is entered, functional operation of the 
circuits stop and the scan cells take control of the master 
and slave circuit's data and control signal paths. The 
state of the data scan cells will be unknown at the 
beginning of the test since zhey could not be scanned 
during functional mode. That is not a problem however 
since the known values scanned into the control scan cells 
prevent any contention on the data busses. After the test 
mode is entered, the multiplexers 636-640 are controlled to 
group both the control and data scan cells onto path 2. A 
first combined data and control scan cell test pattern is 
then shifted into the scan path via path2 and updated to 
start the test. The outputs of the control scan cells of 
Figure 6 do not . ripple during shift operations since they 
use the scan cell design of Figure 2, thus bus contention 
between slaves is prevented during shift operations. 
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The outputs of the data scan cells do ripple during shift 
operation since they use the scan cell design of Figure 4. 
However, this data ripple does not harm the circuit or 
cause bus contention since only one slave is enabled at a 
time to output data onto bus 626. While only two slave 
circuits 604 and 606, each with an associated boundary scan 
portions 608 and 612, were shown in Figure 6, any number of 
slave circuits and associated boundary scan portions could 
be similarly connected to the master circuit 602 and 
associated boundary scan portion 610. 

In Figure 7, the boundary scan system of Figure 6 includes 
additional memories 702-712 in the serial paths pathl. 
Depending upon the layout of the IC or core master and 
slave circuits, the wire running between the scan inputs 
and outputs of the control scan cells in path 1 may become 
long when bypassing a large number of shared data scan 
cells. If the wiring becomes to long the setup and hold 
times of the control scan cells may be violated, resulting 
in shift operation failures through path 1. 

To prevent shift operation failures, one or more 
resynchronization memories 702-712 may be located in pathl 
between the scan outputs and scan inputs of the control 
scan cells. The resynchronization memories, typically D 
flip flops as shown in Figure 8, would be located in scan 
pathl such that the control data shifted through pathl 
passes through a shorter length of wiring between the 
control scan cells and resynchronization memories, thus 
managing the setup and hold timing for reliably shifting 
data through path 1. 
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If resynchronization memories are used, the bit length of 
path 1 will grow by the number of resynchronization 
memories. To compensate for this bit length growth, each 
test pattern shifted into pathl will need to be augmented 
to include appropriately positioned resynchronization data 
bits during shift operations. In Figure 7, the 

resynchronization memories 702-712 are not necessary when 
shift operations occur through path2, since the shared data 
scan cells are not being bypassed. Thus scan path2 does 
not include the resynchronization memories, and the test 
patterns shifted into scan path2 advantageously do not need 
to be augmented to include the aforementioned 
resynchronization data bits. 

In Figure 9, a boundary scan system consists of master 
circuit 902 and slave circuits 904 and 906. Boundary scan 
portion 908 of slave 904 is similar to boundary scan 
portion 608 of Figure 6 with the exception that it includes 
an additional input (IN) to slave circuit 904 and an 
associated dedicated data scan cell 922. Also, boundary 
scan portion 912 of slave 906 is similar to boundary scan 
portion 612 of Figure 6 with the exception that it includes 
an additional output (OUT) from slave circuit 906 and an 
associated dedicated data scan cell 924. 

The arrangement of Figure 9 indicates that dedicated data 
scan cells 922 and 924 (i.e. a scan cell similar to that of 
Figure 2) can be included in both pathl and path2 shift 
operations. When the pathl serial paths are selected 
between TDI and TDO, data can be shifted through the 
control scan cells (C) and the 922 and 924 data scan cells 
(D) of Figure 9 during functional mode. When the path2 
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serial paths are selected between TDI and TDO, data can be 
shifted through all the scan cells of Figure 9, both shared 
and dedicated, during test mode. 

While specific signal types, i.e. data and control, have 
been associated with shared and dedicated scan cells in 
Figures 6 and 9, it should be understood that in general 
shared and dedicated scan cells are independent of signal 
types. What is important is to associate dedicated scan 
cells with signal types that need to be preconditioned with 
data prior to entry into test mode. Shared scan cells, on 
the other hand, can be associated with signal types that do 
not need to be preconditioned with data prior to test mode 
entry. 

The arrangements of Figures 6 and 9 and their accompanying 
descriptions have described a boundary scan path system 
consisting of groups of dedicated scan cells and groups of 
shared scan cells. Multiplexers within the boundary scan 
path system allow partitioning the boundary scan path to 
allow serial access to occur either to only the dedicated 
scan cell groups or to both the dedicated and shared scan 
cells groups. The ability to serially access dedicated 
scan cells within a boundary scan system independent of the 
shared scan cells, and while the functional circuits 
operate, advantageously allows loading certain key data 
signals^ which facilitate safe entry into test mode from the 
functional mode. 

The arrangements of Figures 6 and 9 and their accompanying 
descriptions have also described a process for safely 
transitioning circuits and their associated boundary scans 
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paths from their functional mode to test mode. The process 
can be summarized as: (1) configuring the boundary scan 
path system to contain only dedicated scan cells between 
TDI and TDO, (2) performing a shift operation to load data 
into the dedicated scan cells, (3) entering the boundary 
scan test mode, (4) configuring the boundary scan path 
system to contain all scan cells, both . shared and 
dedicated, between TDI and TDO, and (5) performing a shift 
operation to load data into all the scan cells. 

The arrangement of Figure 7 and its accompanying 
description has described why resynchronization memories 
may be needed and how they may be used to register data 
transfers across bypassed sections of shared scan cells to 
resolve setup and hold timing problems that might exist 
between a sending and receiving dedicated scan cell. 

Although the present invention has been described in 
accordance to the embodiments shown in the figures, one of 
ordinary skill in the art will recognize there could be 
variations to these embodiments and those variations should 
be within the spirit and scope of the present invention. 
Accordingly, modifications may be made by one ordinarily 
skilled in the art without departing from the spirit 'and 
scope of the appended claims. 
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